pattern at spins a,round 16 and 26,. which correspond to single particle alignments, and the 4:9/2+ isomer at 8.6 MeV in 147 Gd has a quadrupole moment that suggests that the a.ligned pa·rticles are polariz:ing the core so a ·collective oblate shape is developing.. Below about l = 40h, the y-ray spectra from H.I.-fu.s.ion reactions contain resolved lines,. and very deta.iled spectroscopic informaton on the levels can be· obtained. Such data will be presented later in this meeting and I w-i 11 not discuss them further here. Above about l ~ 40h there are no resolved lines in the spectra and the information about the nuclear structure is less specific. It has ge11erally been discussed in terms 2 of nuclear shapes and moments of inertia. The present discussion will be centered mainly on the latter of these two quantities.
2~
Momeots_Qf In~rtja
As a consequence of the interplay between collective and single particle motions, there are a variety of moments of inertia one can measure and compare with detailed nuclear-model calculations. The first distinction to make is between kinematic and dynamic values.
The lowest order equation for rotational motion is the usual:
where the one can g.enerally be neglected compared with I for the spins we want to consider. A moment of inertia may be defined from the first derivative of this energy with respect to spin:
where .J..(l) is c.alled the 11 kinematic 11 moment of inertia because it has to do with the motion of the system--the ratio of angular momentum to angular frequency. It is also apparent that the second derivative leads to a definition:
where ..J- ( 2 ) 
eff ( 4) For the unresolved s~ectra from the highest spin states, the population is spread over many bands in many decay sequences. Nevertheless, the avera.g.e band moments of inertia can be determined by looking for successive rotationa-l transitions as correlations in y-y coincidence spe.ctra. Similarly, the overall spin andy-ray energies and their v.a:riations are also measu.rable. giving the average effective moments of i'nertia. Thus we c.an obtain information about ll i in these regions. 
1. Measurement of ~~;~d
The y-ray spectrum from a rotational nucleus is highly correlated in time, spatial distr·ibution, and energy. For a perfect rotor, it is easy to show from eqn •. 1:
where I i is the i ni ti a 1 spin.. This spectrum is composed of equally 
The important point is that the spectrum need not be resolved to determine the valley width. All that is required is that the populated bands have somewhat similar moments of inertia at a given frequency (y-ray energy).
The data [4] In these correlation plots, the valley can be filled by irregularities in the bands, alignments, for example. These produce several transitions in the same energy region, and not only fill the valley but produce 11 Stripes 11 of higher coincidence intensity at these y-ray energies [5] . It is important to appreciate that the alignments are expected to occur in many bands at nearly the same frequency since the alignment of a given pair of nucleons should depend only weakly on the rest of the configuration. These correlation techniques are potentially powerful, but not so much information has yet come from them.
One problem has to do with statistics--for a pair of Ge detectors with The effective moments of inertia are simpler in some respect~.
They involve only relating a collective y-ray energy with a spin 'or measuring the.number of y rays in an energy interval. The former gives ~~j.f values and has been measured several different ways, originally by relating the maximum y-ray energy in a spectrum with the estimated maximum spin input. Recently, however, reliable methods for obtaining ~~if have been developed [6] and these are much more sensitive to the nuclear structure. If desired ~~;f can then be obtained by integration. It is apparent that in a spectrum consisting only of The height of the spectrum H(EY) gives directly ~eff(w).
This was long recognized, but the difficulty was to find the feeding, f(Ey).
Recently a method was developed [7] using the spectra from two similar but slightly shifted spin distributions, whose difference is generally proportional to the feeding curve. For a constant spin shift ~I, one can show:
.., df(E ) ~.., values shown by the solid line in fig. 4 result from correcting this for feeding [7] . Two other cases, 16 that now exist may restrict the population sufficiently to resolve many more lines. We will hear reports from these crystal balls later in this meeting.
Transitional Nuclei: A-150-166
In the previous section it was observed that levels from the next higher majo.r sheJl (h 9112 and i 1312 protons) can contribute rather large amounts of angular momentum to the system at sufficiently high frequencies (hw-0.5-0.6 MeV). We believe there is evidence that such shell effects play an even la,rger role in the lighter nuclei of th·i's region [ 9] . Figure 5 shows the spectra from two Er systems taken several ye·ars ago [10] . The heavier system leads mainly to the rotationa·l nucleus 160 Er, and its spectrum is smooth, as might be expected for a good rotor, except for a pe.ak at hw -0.3 MeV caused by the first backbend. The lighter system leads mainly to 155 Er, a nucleus that is between the region of rotational and non-rotational nuclei. In this system one sees two large peaks, one at frequencies below -O~S MeV, and the other centered around frequency -0.65 MeV.
It is known that in 156 Er and 158 Er the lower peak is composed mostly of collective E2 transitions, and that all three major alignments of One of the main points here is that some properties, like shape, may be rather difficult to determine with confidence for these regions, whereas others, like the major shell effects, can sometimes be almost directly observable as broad peaks in the spectra. The lower peak occurs in the 150-156 mass region for the Er nuclei because the Fermi level is in the right place (low) for alignments here, and the deformation is not well stablized, leading to valence shell alignments at very low frequencies. In the heavier systems A> 160, the axially symmetric prolate deformation is very stable, and the Fermi level begins to be t'oo high for easy alignment, both of which spread the valence shell contributions up to h.i gher frequencies and thus destroy the two-peak structure.
~· _ ~onclus}on..:
The study of moments-of-inertia can give considerable insight into the physics of rotating nuclei e·ven if the spectra are not resolvable.
We have shown how the measurement of ~~~~d and J.~if can give an indication of the amount of aligned vs. rotational angular momentum in a given spin interval. Such analyses on the good rotational nuclei of the A~ 160~166 region suggest that there are major alignments coming from the next major shell (proton i 1312 and h 912 ) in the frequency region above -0.6 MeV. This has led us to speculate that such major shell effects may be responsible for the well known two-peak structure in the spectra of the lighter Er and Dy nuclei. These moment-of-inertia analyses are somewhat qualitative, and certainly much less informative than the detailed spectroscopic studies made on the resolved spectra of nuclei below -35h. It seems possible that the new 47T detector systems wi 11 enab 1 e us to reso 1 ve the spectra up to 60-70tt, the full region populated, which would would give enormously more detailed information at the highest spins.
However, if that proves not to be the case then these moment-of-inertia techniques will probably be our best source of information on nuclear structure at the highest spins, and it is becoming apparent that they can give considerable i-nformation. .,....
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